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Abstract 
Performance Based Navigation (PBN) will lead a significant change of aviation navigation, and the prediction of 
satellite navigation performance becomes one of the key elements. Based on the analysis of main guidelines about 
satellite navigation performance and the relationship among them, simple models of GNSS performance were built, 
basic method and process of performance method were represented. 
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1.Interduction 
Performance-based navigation (PBN) is a new operational concept presented by the International 
Civil Aviation Organization (ICAO) on the basis of integrating the operational practices and technical 
standards of area navigation (RNAV) and required navigation performance (RNP) in various parts of the 
world. PBN, combining advanced onboard equipment with satellite-based navigation and other state-of-
the-art technologies, covers all phases of flight from en route and terminal area to approach and landing, 
and enables a safer and more accurate flight model and a more efficient air traffic management (ATM) 
model. 
A key transformation of flight operations, PBN can effectively promote continuous civil aviation 
safety, increase airspace capacity, reduce ground navaid investment, lower energy consumption and 
emissions, etc. It serves as one of the core technologies for China to shift from a nation large in aviation 
quantity to a global aviation lead -generation air transportation system. The 
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Civil Aviation Administration of China (CAAC) resolves to expedite the applications of PBN and 
organize all-round implementations in accordance with the requirements of the ICAO and Asia/Pacific 
PBN Implementation Planning. Some technique problems need to be validated in the design and 
verification of PBN flight procedure, one of the most important item is the prediction and validation of 
the satellite navigation performance. 
The satellite navigation performance prediction techniques involved the satellite constellations, 
inaccurate resource, satellite enhancement system, satellite tracks, flight performance, land form and etc. 
PBN is a new conception, there are some new regulations concerning about the navigation performance, 
there are very few researches on the prediction and validation of PBN navigation performance in China. 
Zhang Jun and Zhu Yanbo, Beijing University of aeronautics, work on RAIM prediction of satellite 
navigation performance [2]. Current researches focus on RAIM usability, don t support PBN performance 
prediction. It is only one parameter of the performance prediction and validation. The flight performance 
and terrain affects haven t been considered. The execution of PBN needs to consider not only the 
horizontal disparity but also perpendicular disparity. There is no current research focus on perpendicular 
disparity. 
Based on the above, combine with ICAO PBN manuals and relative regulations of satellite 
performance, a this paper a full analysis of satellite navigation for performance is made in this paper. 
Mainly discusses the satellite navigation systems, perfect accuracy, continuity and availability of the four 
aspects for performance and the relationship between these four targets. The major factors which 
influence these indicators is analyses. The satellite navigation performance analysis model is established 
initially. The performance forecasting methods and procedures is proposed. 
2.The needs assessments performance of the navigation in PBN operation 
Three basic factors of PBN operation are navigation application, navigation regulation and 
navigation facilities for supporting the system operation. The navigation regulation is a series demands 
for the flight and flight crews in the definite airspace, which defines the performance and detail functions 
of implementation PBN. The selection method of navigation resource and devices is also defined. There 
are two basic navigation regulations in PBN which are area navigation(RNAV) and required navigation 
performance RNP Navigation specification is approved by civil aviation authorities airworthiness 
and operational basis for a detailed description of specific areas along the required navigation 
performance requirements. These requirements generally include the following aspects: accuracy, 
integrity, continuity  and availability. Accuracy refers to the actual position and the differences are 
expected or desired location, the general level of error and with the vertical positioning error to that 
required in the operation of aircraft flying hours in 95% of the inside of the navigation error is less than 
acceptable accuracy value. In general, GNSS performance depends on the accuracy of pseudorange and 
carrier phase measurements and navigation data broadcast quality parameters based on physical model 
fidelity also has some influence on the accuracy [3]. 
Integrity refers to the system can not provide timely warning when the safe use of the ability of the 
entire system, the correctness of the information provided in confidence measure. Integrity issues for 
aviation is crucial because the user is high-speed sailing, may soon deviate from the route. Currently used 
for satellite GNSS integrity monitoring of the three methods are: Airborne Augmentation System (ABAS), 
satellite-based augmentation system (SBAS) and ground-based augmentation system (GBAS). Which 
enhance the system commonly used in airborne integrity monitoring methods receiver autonomous 
integrity monitoring (RAIM) and airborne autonomous integrity monitoring (AAIM) RAIM is a widely 
used integrity monitoring algorithm, but its detection and identification by the number of visible satellites 
and satellite geometry effects.The RAIM availability prediction for the [process of flight must be 
predicted  before take-off of [4]  
Continuity refers to the duration of the operational phase of the system to maintain the probability of 
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the specified performance [5]. Availability refers to the system services can use the percentage of time. 
Availability is the system in a given coverage area can be used to provide navigation services capabilities 
sign. Availability and physical characteristics of the environment and the technical capacity of the 
transmitter devices have a relationship. 
Accuracy, integrity, continuity and availability of these four aspects of performance are not mutually 
independent, there are many links between them. To determine the integrity of the positioning error is 
mainly based on whether it can effectively limit is exceeded warning. Availability analysis of the 
sentence conditions are generally selected precision factor DOP value or satellite positioning accuracy. 
Applied to civil aviation, the integrity of the judge is essential, in this case, select the user positioning 
error protection level as the decision whether or overrun conditions that integrity availability. Meets the 
requirements of continuity can be used as indicators of the availability of decision analysis conditions. If 
the positioning accuracy is the continuity of the decision conditions, the continuous availability to meet 
the requirements necessary to meet the requirements that the availability of positioning accuracy. 
3.GNSS navigation performance prediction and evaluation methods 
GNSS navigation performance are under complex interaction of many factors. The current research 
situation, the main factors affecting the availability of PBN procedures navigation performance are: 
GNSS satellite constellation dynamic situation, terrain features, satellite failures, airborne equipment 
operating performance and specific performance of the specific requirements of navigation. Navigation 
performance prediction framework for assessing system shown in Figure 1. 
In Figure 1, for test a PBN procedures, First,  the user  enter executive aircraft models, the use of 
procedures, and then, predicted flight path and protected areas are received, according to certain rules to 
take points; enter the start time and  simulation time step. and then, according to the information to call 
the corresponding ephemeris data and topographical features from the database, Analyzes the changes of 
visible satellites during this time, satellite geometry changes, choose the best satellite applied to 
navigation, 
Based on these information, the visualized simulation can be acted. Then, based on these the specific 
aircraft, satellite information, integrated flight navigation capability the actual  prediction, this prediction 
including the  four main performance indicators described before Finally, compared predicted 
performance and operation of required navigation performance   the results of the assessment are received. 
3.1 The input parameters of performance prediction 
The input parameters of performance prediction are: Ephemeris data, the reference epoch of satellite 
position User location: be tested position's longitude, latitude and altitude, Date of forecast, Masking 
angle: the GPS receiver can see the satellite elevation angle above the horizontal plane. Decision 
threshold: depending on the navigation specification, the decision threshold has different requirements. 
To make more accurate forecasts other input parameters can be added, such as, Terrain block 
information. Interference, multipath and ionospheric scintillation and satellite disruptions should also be 
considered. 
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3.2 GNSS navigation performance evaluation process 
Obtained above input parameters, in accordance with certain steps th satellite visibility, geometry, 
accuracy factor, pseudo-range error, etc. were calculated. according to a performance model, the satellite 
navigation performance of the flight can be calculated, ie accuracy, integrity, continuity and availability. 
navigation performance of a certain location at a point in time  is called instantaneous navigation 
performance; the same location at different time points navigation performance statistics is called a single 
point of navigation performance, the service area of a single point of navigation performance of different 
statistics called service area navigation performance. As the constellation operation is cyclical, 
Sometimes a single point of navigation performance Analyzes time taken operation as the observation 
period, according to a certain sampling interval for analysis. Grid method is often used in service area 
navigation performance analyzes, and then, statistics the possessive point navigation performance. 
Each time point  measurement considered as an event iM The probability of occurrence is iP . 
Navigation performance evaluation process shown in Figure 2. First, transient performance of each time 
point is analyzed, according to Ephemeris data and time of a certain location, the satellite and geometric 
visibility distribution is analyzed, calculate the accuracy factor of satellite DOP, calculate the pseudo-
range measurement error, Both the product is user positioning error; compared this error with the required 
accuracy, if meet the conditions This point is the probability of accuracy to meet The other hand, 
testing its integrity, to calculate the protection level PL, AL compared with alarm limits, If less than the 
AL, the integrity is good. And then,  assess the continuity. If the accuracy, integrity, continuity meet the 
required navigation performance, This is illustrated that the probability of the availability of space-time 
point navigation performance ( | ) 1P Mi The overall satellite navigation system accuracy, 
integrity, continuity and availability assessment is through all the measurements in the event, each 
performance will be measured by the a priori probability and conditional probability summation of the 
product. 
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Figure 2  Navigation Performance Forecasting Process 
Projections are taken into account factors including terrain, aircraft performance, a variety of factors, 
including satellite navigation performance can be achieved, Examine the ICAO PBN Manual navigation 
specifications in all aspects of performance requirements, is no longer considered a single precision or 
integrity required results, forecasts will be more accurate and comprehensive. 
3.3 The simulation results 
Experimental selection of the most affected by the topography Nyingchi Airport RW05 terminal, 
Calculated the number of pieces of the point of visible satellites, HDOP value and VDOP value changes. 
The use of U.S. Coast Guard  Navigation Center released the satellite constellation almanac calculated 
position. Experimental simulation is within 24 hours of satellite navigation performance, the data in steps 
of 1 minute. Receiver is set to 5 ° mask angle. 
Figure 3 for 24 hours, the number of stars visible satellites, HDOP and VDOP values change over 
time, Figure 3 (a) the number of stars visible satellites changes, Figure 3 (b) and Figure 3 (c), respectively 
HDOP and VDOP changes Dashed line does not consider terrain masking cases the number of visible 
satellite stars, solid line to consider the circumstances of the case of terrain masking. The general area 
navigation requirements to support at least five navigation satellites, six satellites can exclude the 
possibility that abnormal when the satellite signal; HDOP and VDOP values requires below 4; precision 
approaches demanding is much higher. Figure 3 shows the results after considering the terrain block the 
number of visible satellites will become less, HDOP and VDOP value is larger than considering the 
terrain the large block, Description terrain makes navigation error increases, the navigation accuracy  
decreased if you do not consider this factor may ignore the dangers. More obvious is the number of 
visible satellite stars have less than six have been the case, VDOP the case with more than 4, 
corresponding to the time  lower navigation accuracy can not meet civil aviation requirements for 
navigation operation, ignoring topography may lead to danger. 
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Figure 3 satellite navigation performance changes. 
4.Conclusion 
In this paper, PBN requirements and domestic research are analyzed, the deficiencies of current 
research on PBN satellite navigation performance prediction is proposed. With ICAO PBN navigation 
specification for the required satellite navigation performance, the key indicators of prediction and 
assessment  is comprehensively analyzed, simple models of GNSS performance were built, basic method 
and process of performance method were represented. More comprehensive considerations than the 
previous forecast. Prediction results of this study will aid the design of flight procedures PBN or air 
traffic control personnel and flight operations dispatch release provide a reference. 
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